Introduction {#S1}
============

Preference formation can be defined as the process of making evaluative judgments on the basis of perceived attractiveness. In general, evaluative decision-making is thought to be subjective, dependent on an individual's experience and memory as well as the current environment ([@B46]). An influential study on preference formation conducted by Shimojo and his colleagues found a systematic relationship between gaze and preference, called the "gaze cascade," indicating a positive effect of overt visual attention on preference formation ([@B43]). In this eye-tracking study, pairs of images (faces in some conditions; abstract art images in other conditions) were presented on the screen and subjects were required to choose the more attractive one. It was found that subjects' gaze tends to gradually orient toward their final choice, starting from more than half a second before the actual decision. In other words, people appear to commit to their preferred choice by spending more time looking at it. As an explanation for the effect, Shimojo and colleagues suggested that the orienting behavior itself not only expresses the likelihood of choice, but also generates the preference for the item being gazed at, resulting in an enhancement of preference.

The hypothesis of a direct connection between human gaze and preference formation can be characterized as a form of "Pavlovian approach," by which the behavioral orienting serves in effect as a precursor to the choice ([@B20]). Here, we will refer to this proposal as the "gradual-commitment hypothesis." The evidence of a tight connection between looking and liking was shown to be highly reproducible (including in our own laboratory) in a wide variety of conditions ([@B44], [@B45]; [@B12]; [@B42]; [@B5]; [@B25]; [@B64]). However, several lines of research suggest that the relationship between orienting behavior and preference formation may be complex, as a function of the nature of the stimuli being processed. Even within the literature on Pavlovian conditioning, evidence indicates that parallel learning systems may be at work, leading to dissociable effects for gaze direction and affective evaluation ([@B33]). More generally, the orienting behavior in preference formation might involve covert mechanisms of attention in addition to the overt attention, raising the possibility of different types of information integration that do not necessarily equate attention with enhancement of preference formation.

The issue can be specified more formally via an accumulator model of preference formation developed by [@B18]. The hypothesis of a direct connection between gaze and preference formation amounts to an additive accumulator model, by which gaze duration necessarily leads to a positive increase in the value of the attended object. Conversely, as indeed anticipated by Krajbich and colleagues, it seems reasonable to hypothesize a multiplicative relationship between attention and value, with increased gain as a function of gaze duration. The implication here is that attention to negatively valued stimuli should hyperpolarize the preference formation in the negative direction, making the attended object less likely to be chosen. Recent work by [@B14], [@B13] demonstrates the importance of distinguishing between additive and multiplicative accumulator models of preference formation.

The hypothesis of a multiplicative relationship between attention and value is consistent with classic work on the "feature-integration theory of attention" ([@B56]) proposing that attention serves a binding function in information processing. Although this theory was proposed with respect to the integration of primitive visual features, later work has expanded the notion of an integrator function of attention to other types of information, including affective features as well as complex or abstract semantic features (e.g., [@B38]; [@B23]; [@B19]; [@B41]). The corollary of this notion is that attention to an object might lead to either an increase or a decrease in the value of the attended object, depending on the nature of the information being integrated. Thus, drawing attention to negative information with respect to an object would lead to a gradual devaluation of the attended object, whereas positive information would promote the valuation. We will refer to this hypothesis as "the information-integration hypothesis."

Furthermore, in the area of research on covert visual attention, [@B34] introduced the role of pre-cueing in the orienting of attention using the spatial cueing paradigm (for comprehensive reviews of related work, see [@B7]; [@B3]). The paradigm was based on a perceptual decision-making task in which a peripheral pre-cue may indicate the location of a subsequent target. Depending on the length of the time interval in between the onset of the cue and the target, the effect of the pre-cueing on response could be either facilitative or inhibitory. For instance, with a short time interval less than 300 ms, subjects tend to react faster and more accurately to the subsequent target at the cued location (i.e., same location as the cue) than at the uncued location (i.e., opposite location of the cue). Yet, if the interval extends longer than 300 ms, the effect from the peripheral pre-cue would turn to inhibition (i.e., the response to the cued targets becomes slower and less accurate; see [@B35]; [@B15]). This inhibitory mechanism has been defined as "inhibition of return" (IOR). According to previous studies, these two different cueing effects are due to the orienting of attention. In the former, a cue attracts the attention and thus leads to an advantage in processing information at the same position; in the latter, with a longer interval, the attention attracted by the cue would be withdrawn from the original attended location (i.e., cued location); as a result, the detection (or the re-orienting behavior) for the cued target requires an additional process and extra effort to return to the previous attended location, leading to a slower reaction to the cued target ([@B52]; [@B36]; [@B16], [@B17]). All in all, Posner's cueing paradigm provided a very effective method of recasting attentional allocation, giving rise to an expansive set of follow-up studies, often using pre-cues that carried semantic or affective associations (e.g., [@B24]; [@B58]; [@B10]; [@B50]; [@B51]; [@B48]; [@B60]; [@B2]; [@B8]). However, these studies have focused on the process of perceptual decision-making (i.e., detecting or recognizing the targets); to our knowledge, there has been no work adopting Posner's paradigm to study evaluative decision-making and gaze cascades.

To resolve the unclear relationship between attention and preference formation, we performed a series of experiments combining the cueing paradigm with an evaluative decision-making task, while measuring the subjects' manual responses and eye movements. Subjects were presented in each trial with a pre-cue, followed by a pair of abstract art images. While being allowed to move their eyes, as in the gaze-cascade paradigm, the subjects had to select their preferred image by pressing a button. Based on a pilot study to establish appropriate experimental procedures and required statistical power ([@B63]), the timing of the spatial pre-cues was set to elicit IOR: 500 ms pre-cue presentation and 1 s stimulus-onset asynchrony between the pre-cue display and the target display. Here, IOR would imply more attention for the uncued target, and therefore a higher likelihood of choosing the uncued target, as compared to the cued target.

Our present study consisted of four experiments. In the first two experiments, we used images of faces expressing different emotions (happy, neutral, disgust) as pre-cues under two different time constraints: either a deadline of 1,500 ms or no deadline. In the next two experiments, we used images of foods associated with different affective values (either appetitive or aversive) as pre-cues, again with either a deadline of 1,500 ms or no deadline.

For the targets of the preference tasks, we opted in all experiments to use the abstract, unfamiliar shapes ("Fourier descriptors") employed also by [@B43] in their original gaze cascade study. We chose Fourier descriptors, rather than faces, as targets to avoid non-affective, category-to-category priming effects from the faces used as pre-cues.

Following the "information-integration" hypothesis, it should be expected that positive cues would increase the value of cued objects (and thereby counteract the IOR), whereas negative cues would decrease the value of the cued objects (and thereby further exacerbate the IOR). That is, the valence of the pre-cue should influence the preference formation. In contrast, according to the "gradual-commitment" hypothesis, any influence from pre-cues on the control of overt attention should always promote the preference formation for the item being gazed at, independent of the valence of the pre-cue.

As for the different time constraints (i.e., with or without deadline), we aimed to examine whether urgency modulates the effects of pre-cueing. A number of studies have established that urgency can have a critical impact in various types of decision-making ([@B37]; [@B59]; [@B49]). [@B39] showed that urgency strengthens the impact of prior bias on perceptual decision-making. Similarly, we anticipated that urgency could strengthen the impact of pre-cues on evaluative decision-making. Thus, regardless of whether pre-cues would promote or impede preference formation, their influence should be larger with a deadline than without a deadline.

Materials and Methods {#S2}
=====================

Participants {#S2.SS1}
------------

All subjects were recruited from Kyushu University. In the Deadline and Self-paced Face-cueing experiments, there were in total 28 subjects (22 males and 6 females; with a mean age of 23.0 ± 1.67 years old, 2 left-handed). In the Deadline Food-cueing experiment, there were 32 subjects (16 males and 16 females; with a mean age of 21.1 ± 2.59 years old, 2 left-handed). Another 32 subjects participated in the Self-paced Food-cueing experiment (11 males and 21 females; with a mean age of 21.7 ± 1.87 years old, 1 left-handed). All subjects were naïve to the purpose of the experiment and had normal or corrected to normal vision. The study was conducted in accordance with the ethical principles of Kyushu University and approved by the Human Ethics Committee of the Faculty of Arts and Science. Each subject received either course credit or monetary compensation of 1,000 yen for their participation. Written informed consent was obtained before the experiment.

Apparatus {#S2.SS2}
---------

All visual stimuli were presented on a 23.8-inch full high definition flat-panel-monitor, with a display resolution of 1920 × 1080 pixels. To minimize the head movement by subjects, a chin-rest with a forehead-support was used. The monitor screen was set approximately 62 cm from the chin-rest. Subjects used a keyboard to give manual responses, and their eye movements were recorded by Eye Tribe, an eye-tracking device at 60 Hz sampling rate (The Eye Tribe Aps, Denmark); a system with sufficient reliability for present purposes ([@B29]; [@B61]; [@B64]). To prevent the heat build-up of Eye Tribe, a small universal serial bus (USB) fan was used at the same time.

To record the subjects' eye movements via Eye Tribe, the subjects were asked to focus and follow a dot on the screen for a 16-point calibration ([@B29]). After the calibration, the gaze coordinates were calculated through Eye Tribe with an average accuracy of around 0.5°--1° of visual angle. All events and recordings were controlled through code written in Psychopy (version 1.84.2) ([@B32]; [@B31]), including the PyTribe library.

Stimuli {#S2.SS3}
-------

In the Deadline and Self-paced Face-cueing experiments, four different stimuli were used as pre-cues: a white dot (serving as a control) and three different human facial expressions, classified as neutral, happy and disgusted. The face stimuli were selected from the online NimStim Face Stimulus Set ([@B55]). Based on an online questionnaire prior to conducting the experiment (*n* = 55), we selected the images that were voted as most exemplary for the three facial expressions of neutral, happy and disgusted. All cue stimuli were fixed at 200 × 257 pixels, at a distance of 200 pixels from the fixation cross. The target stimuli consisted of a set of 320 computer-generated geometric figures, including 160 symmetrical figures and 160 asymmetrical figures. The set of figures was drawn by a Fourier Descriptor algorithm ([@B40]; [@B43]). All figures were paired with the same category (i.e., two symmetrical or asymmetrical figures paired together), and in total 320 pairs were made for the two experiments (i.e., 160 for the Deadline experiment and the other 160 for the Self-paced experiment). With regard to the pairing, each figure was used two times for pairing with two different figures. By this manipulation, we are able to have 320 unique pairs from the set of 320 geometric figures, even though a single figure would be exposed twice to each subject. All target stimuli were fixed at 480 × 360 pixels, at a distance of 300 pixels from the fixation cross.

In the Deadline and Self-paced Food-cueing experiments, three types of stimuli were used as pre-cues: a white dot (serving as a control) and two different categories of food images, classified as appetitive food cues and aversive food cues. The food images were selected from the database used in another study done in our lab ([@B30]). The database consisted of the FoodCast research image database (FRIDs) ([@B9]) with additional non-copyrighted images from the internet ([@B30]). Based on the evaluation scores from our previous study, 160 images were selected as food cues for this experiment: 80 images with the highest evaluation scores were used as appetitive food cues and 80 images with the lowest evaluation scores were aversive food cues. All cue stimuli were fixed at 350 × 350 pixels, at a distance of 257 pixels from the fixation cross. The target stimuli were selected from the same database of face-cueing experiment, but only 240 geometric figures (120 symmetrical and 120 asymmetrical) were used. Similar to the face-cueing experiment, each figure was paired with two different figures to compose 240 unique pairs for experiment. This 240 unique pairs were used in both Deadline and Self-paced Food-cueing experiment. All target stimuli were fixed at 480 × 360 pixels, with the distance of 300 pixels from the fixation cross.

Procedures {#S2.SS4}
----------

In the Deadline Face-cueing experiment (DLFC), there were 4 consecutive blocks of 40 trials. Before starting each block, subjects were asked to fix their head on the chin-rest for the calibration ([@B29]). After the subject's eye positions were calibrated, the subject was instructed to keep their posture without any big movement until the end of the trials. Short breaks were allowed between the 4 blocks. [Figure 1](#F1){ref-type="fig"} shows the sequence in each trial. A trial started with the presentation of a fixation cross at the center of the screen for at least 500 ms. Subjects were asked to gaze at the fixation until a cue appears. The subjects' gaze was recorded online and checked in real-time to confirm whether the subject was looking at the fixation cross. After the fixation, a spatial cue for 500 ms would appear on either the left or right side of the fixation. This was followed by a 500 ms time-interval after the cue. Finally, a pair of target images was presented, one on the left and one on the right side of the screen. Subjects were asked to choose the image they preferred within 1.5 s by using their index fingers to press either the left or the right button on the keyboard. The target images disappeared once the subject pressed the button to indicate their response, or when the time reached 1.5 s. A warning message ("TOO SLOW") was given as feedback for 1 s if the subject failed to give a response before the deadline. A blank screen for 2 s was set for the inter-trial interval (ITI) between each trial.

![Task procedure. The flow chart represents a trial sequence in the deadline experiments (left) and the self-paced experiments (right). Following fixation, a spatial cue was shown for 500 ms. Then, there was a 500 ms time interval. Finally, two target images were presented, one on the left and one on the right side of the screen, until the subject pressed a response button. In deadline experiments, a feedback screen was shown for 1,000 ms after the target images if the subject failed to give an answer within 1,500 ms. In all experiments, the inter-trial interval (ITI) was 2,000 ms.](fpsyg-11-01404-g001){#F1}

In the Self-paced Face-cueing experiment (SPFC), the procedures were the same as in DLFC except for the time constraint for responding. In SPFC, the subjects were instructed to compare the two target images carefully and give their response without any time pressure. Since there was no deadline, there were never any warning messages for being too slow in SPFC.

Both DLFC and SPFC had in total 160 trials, consisting of 20 repetitions of 8 conditions, with 4 levels of cue type (Dot, Neutral face, Happy face, Disgusted face), and 2 levels of spatial cueing position (either on the left or on the right side of fixation). The order of trials was pseudo-randomized to ensure that each block of 40 trials contained 5 repetitions of each condition. Before the experimental task, a training session of 20 trials was set for participants to practice. Since DLFC and SPFC were conducted with the same subjects, we counterbalanced the order of the experiments across subjects (i.e., 14 subjects started with the deadline experiment and the other 14 subjects started with the self-paced experiment).

In the Deadline Food-cueing experiment (DLFD), the experimental flow and trial sequence were the same as in DLFC: Subjects were required to select their preferred image within a deadline of 1.5 s. The experiment had in total 240 trials, consisting of 4 consecutive blocks of 60 trials. There were 40 repetitions of 6 conditions, with 3 levels of cue type (Dot, Appetitive food, Aversive food), and 2 levels of spatial cueing position (either on the left or on the right side of fixation). The order of trials was pseudo-randomized to ensure that each block of 60 trials contained 10 repetitions of each condition. Before the experimental task, a training session of 20 trials was set for participants to practice.

In the Self-paced Food-cueing experiment (SPFD), the procedure was the same as in DLFD except that there was no time limit for the response.

Results {#S3}
=======

In the deadline experiments, all trials in which subjects failed to give a button-press response within 1.5 s were excluded from the analysis. For this reason, there was a total of 1.5% of all trials rejected for both behavioral and gaze analysis in the DLFC, and 1.6% in the Deadline Food-cueing experiment. In addition, Bonferroni correction was used to set the alpha level at 0.05 for the entire data set in each experiment, in all statistical analyses.

Manual Response Analysis {#S3.SS1}
------------------------

### Probability of Choice {#S3.SS1.SSS1}

The probability of choosing the uncued target was calculated in all trials for each type of cue, by dividing the number of trials in which the uncued image was chosen by the total number of trials. This index ranged from 0 to 1; the higher, the more choices for uncued images, in line with the hypothesis of IOR. To test whether there was a significant bias in the target choice, for each type of cue we compared the probability of choosing the uncued target against the chance level (0.5) by a two-tailed one-sample *t*-test.

#### Deadline face-cueing experiment (DLFC) {#S3.SS1.SSS1.Px1}

In the DLFC ([Figure 2A](#F2){ref-type="fig"}), we found a significant choice bias following the disgusted face pre-cue (M~DIS~ = 0.573, 95% CI = \[0.538, 0.607\], *t*(27) = 4.087, *p* \< 0.001, Cohen's *d* = 0.773). This result indicated a higher choice probability of uncued images, under urgency, when the cue is a disgusted face. There were no significant choice biases following the other pre-cues: dot (M~DOT~ = 0.526, 95% CI = \[0.483, 0.567\], *t*(27) = 1.216, *p* = 0.234, Cohen's *d* = 0.230); happy face (M~HAP~ = 0.526, 95% CI = \[0.486,0.566\], *t*(27) = 1.294, *p* = 0.207, Cohen's *d* = 0.245); and neutral face (M~NEU~ = 0.553, 95% CI = \[0.513, 0.593\], *t*(27) = 2.613, *p* = 0.014, Cohen's *d* = 0.494).

![The probability of choosing the uncued target in the face-cueing experiments. **(A,B)** Represent the results of the deadline and the self-paced experiment respectively. Both panels show the data for different types of cue: dot (DOT), happy face (HAP), neutral face (NEU) and disgusted face (DIS). The red dashed line is the chance level (0.5) of selection. The error bars represent the 95% confidence interval around the mean in each condition.](fpsyg-11-01404-g002){#F2}

#### Self-paced face-cueing experiment (SPFC) {#S3.SS1.SSS1.Px2}

In the SPFC ([Figure 2B](#F2){ref-type="fig"}), no significant choices biases were obtained for any of the pre-cues: dot (M~DOT~ = 0.505, 95% CI = \[0.475, 0.536\], *t*(27) = 0.342, *p* = 0.735, Cohen's *d* = 0.065); happy face (M~HAP~ = 0.515, 95% CI = \[0.481, 0.550\], *t*(27) = 0.862, *p* = 0.396, Cohen's *d* = 0.163); neutral face (M~NEU~ = 0.496, 95% CI = \[0.453, 0.538\], *t*(27) = −0.207, *p* = 0.837, Cohen's *d* = −0.039); disgusted face (M~DIS~ = 0.490, 95% CI = \[0.464, 0.516\], *t*(27) = −0.744, *p* = 0.463, Cohen's *d* = −0.141).

#### Deadline food-cueing experiment (DLFD) {#S3.SS1.SSS1.Px3}

In the DLFD ([Figure 3A](#F3){ref-type="fig"}), there was a significant choice bias following aversive food pre-cues (M~AVE~ = 0.555, 95% CI = \[0.518, 0.592\], *t*(31) = 2.903, *p* \< 0.01, Cohen's *d* = 0.513). This result indicated a higher choice probability of uncued images, under urgency, when the cue is a disgusting food image. There were no significant choice biases following the other pre-cues: dot (M~DOT~ = 0.515, 95% CI = \[0.493, 0.538\], *t*(31) = 1.340, *p* = 0.190, Cohen's *d* = 0.237); and appetitive food (M~APP~ = 0.497, 95% CI = \[0.468, 0.525\], *t*(31) = −0.241, *p* = 0.811, Cohen's *d* = −0.043).

![The probability of choosing the uncued target in the food-cueing experiments. **(A,B)** Represent the results of the deadline and the self-paced experiment respectively. Both panels show the data for different types of cue: dot (DOT), appetitive food images (APP), and aversive food images (AVE). The red dashed line is the chance level (0.5) of selection. The error bars represent the 95% confidence interval around the mean in each condition.](fpsyg-11-01404-g003){#F3}

#### Self-paced food-cueing experiment (SPFD) {#S3.SS1.SSS1.Px4}

In the SPFD ([Figure 3B](#F3){ref-type="fig"}), no significant choices biases were obtained for any of the pre-cues: dot (MDOT = 0.520, 95% CI = \[0.498, 0.542\], t(31) = 1.749, p = 0.090, Cohen's d = 0.309); appetitive food (MAPP = 0.527, 95% CI = \[0.503, 0.550\], t(31) = 2.247, p = 0.032, Cohen's d = 0.397); and aversive food (MAVE = 0.519, 95% CI = \[0.494, 0.545\], t(31) = 1.466, p = 0.153, Cohen's d = 0.259). Note that, for appetitive food, the Bonferroni correction produced a non-significant result, although in this case the target value of 0.5 was just outside the 95% CI.

### Response Time {#S3.SS1.SSS2}

The response time (RT) was measured from the onset of the target screen until the button was pressed by the subject. The results are reported as averages from all trials as a function of the choice, either for a cued image ("Cued") or for an uncued image ("Uncued"). To investigate if the RT changed across different conditions, we conducted a two-way repeated measures ANOVA with the within-subjects factors cue type and choice type.

#### Deadline face-cueing experiment (DLFC) {#S3.SS1.SSS2.Px1}

In the DLFC ([Figure 4A](#F4){ref-type="fig"}), there was a significant main effect of choice (cued versus uncued), *F*(1, 27) = 7.808, MSE = 0.005, *p* \< 0.01, η*~*p*~*^2^ = 0.224. However, there was no influence of the cue type, *F*(3, 81) = 0.587, MSE = 0.001, *p* = 0.625, η*~*p*~*^2^ = 0.021; nor was there an interaction between choice and cue type, *F*(3, 81) = 2.085, MSE = 0.002, *p* = 0.109, η*~*p*~*^2^ = 0.072. Compared with the mean of RT for choosing cued images (M~CUED~ = 0.835, 95% CI = \[0.782, 0.887\]), the RT for choosing uncued images was faster (M~UNCUED~ = 0.807, 95% CI = \[0.753, 0.861\]).

![Mean response time and standard errors in the face-cueing experiments. **(A,B)** Represent the results of the deadline and the self-paced experiment respectively. Both panels show the data for different types of cue: dot (DOT), happy face (HAP), neutral face (NEU), and disgusted face (DIS). For each type of cue, the blue bars pertain to the response times when choosing cued targets (Cued); the orange bars pertain to the response times when choosing uncued targets (Uncued). The error bars represent the 95% confidence interval around the mean in each condition.](fpsyg-11-01404-g004){#F4}

#### Self-paced face-cueing experiment (SPFC) {#S3.SS1.SSS2.Px2}

In the SPFC ([Figure 4B](#F4){ref-type="fig"}), there was no significant effect of the type of choice, F(1, 27) = 0.523, MSE = 0.025, p = 0.476, ηp^2^ = 0.019, nor of the type of cue, F(3, 81) = 0.422, MSE = 0.013, p = 0.738, ηp2 = 0.015. There was also no interaction between choice and cue, F(3, 81) = 0.564, MSE = 0.024, p = 0.640, ηp^2^ = 0.020. The grand average of all RTs was 1.327 s (95% CI = \[1.175, 1.480\]).

#### Deadline food-cueing experiment (DLFD) {#S3.SS1.SSS2.Px3}

In the DLFD ([Figure 5A](#F5){ref-type="fig"}), we obtained a significant main effect of the type of choice on RT, F(1, 31) = 18.772, MSE = 0.002, p \< 0.001, ηp^2^ = 0.377. There was no influence from the cue type on RT, F(1.472, 45.625) = 0.351, MSE = 0.002, p = 0.640, ηp^2^ = 0.011; nor was there an interaction between choice and cue, F(2, 62) = 2.221, MSE = 0.001, p = 0.117, ηp^2^ = 0.067. Compared with the mean RT for choosing the cued image (MCUED = 0.893, 95% CI = \[0.851, 0.935\]), the mean RT for choosing the uncued image was faster (MUNCUED = 0.866, 95% CI = \[0.820, 0.913\]).

![Mean response time and standard errors in the food-cueing experiments. **(A,B)** Represent the results of the deadline and the self-paced experiment respectively. Both panels show the data for different types of cue: dot (DOT), appetitive food images (APP), and aversive food images (AVE). For each type of cue, the blue bars pertain to the response times when choosing cued targets (Cued); the orange bars pertain to the response times when choosing uncued targets (Uncued). The error bars represent the 95% confidence interval around the mean in each condition.](fpsyg-11-01404-g005){#F5}

#### Self-paced food-cueing experiment (SPFD) {#S3.SS1.SSS2.Px4}

In the SPFD ([Figure 5B](#F5){ref-type="fig"}), there was no significant effect of choice, F(1, 31) = 1.938, MSE = 0.020, p = 0.174, ηp^2^ = 0.059, nor of the cue type, F(2, 62) = 3.235, MSE = 0.020, p = 0.054, ηp^2^ = 0.090. There was also no interaction between choice and cue type, F(2, 62) = 0.651, MSE = 0.015, p = 0.525, ηp^2^ = 0.021. The grand average of all RTs was 1.655 s (95% CI = \[1.387, 1.924\]).

Gaze Analysis {#S3.SS2}
-------------

For the gaze analysis, we followed the same procedure as in previous studies ([@B43]; [@B64]) to plot the gaze distribution. In order to know where the subject's gaze was located and how the gaze distribution changed, we conducted the analysis with two areas of interest: the left and right hemi-fields (i.e., half screen). We assigned a value of "1" if the subject's gaze was directed to the same side of the cue; a value of "0" if the gaze was on the other side; and "not-a-number (NA)" if the gaze was outside of the screen. All gaze sampling points, from the onset of the pre-cue until the average response time in each experiment, were calculated to obtain the likelihood of looking at the cueing side, by averaging across all trials and subjects. Based on this analysis method, if the likelihood value is higher than "0.5," it means there is a gaze bias toward the cueing side.

The gaze patterns were determined by the type of experiment (DLFC, SPFC, DLFD, and SPFD) and the ensuing choice (Cued versus Uncued), but there were no significant main effects or interactions with the affective value of the pre-cue. As presented in [Figures 6](#F6){ref-type="fig"}, [7](#F7){ref-type="fig"} (collapsed across types of pre-cue), the gaze curve showed similar patterns across all experiments. In all cases, the gaze likelihood at the onset of the pre-cue was at chance level (0.5), and then tended to shift toward the cueing side, peaking to a probability of around 0.7 for face images, and around 0.8 for food images. In order to establish the exact time of gaze shifting to the cueing side, we sub-divided the time into 20 bins of 50 ms (i.e., the time duration of cue and time interval). Two-tailed one-sample *t*-tests against 0.5 (for each bin, with Bonferroni correction) revealed a significant gaze bias, starting at 350 ms for choosing the cued image in DLFC, *p* \< 0.001, starting at 300 ms for choosing the uncued image in DLFC, *p* \< 0.001; and at 300 ms for both types of choice in SPFC, *p* \< 0.001 ([Figure 6](#F6){ref-type="fig"}). In the Food-cueing experiments, the gaze bias started at 300 ms for both choice conditions in DLFD, *p* \< 0.001; and at 300 ms for choosing the cued image in SPFD, *p* \< 0.001, versus at 250 ms for choosing the uncued image in SPFD, *p* \< 0.001. In all cases, the gaze bias toward the cueing side ended, returning to chance level or even dipping below chance level, before the onset of the target screen.

![Gaze likelihood analysis of the face-cueing experiments. **(A,B)** Represent the result of the deadline and the self-paced experiment respectively. The likelihood that a subject's gaze was directed toward the cueing side is plotted against the time past from the onset of the cue until the average response time. The black dashed lines reflect the chance level (0.5) of likelihood. The blue dotted lines represent the data when choosing the cued target (Cued); the red dotted lines represent the data when choosing the uncued target (Uncued). The shaded areas represent the range of the standard error of the mean for each plot.](fpsyg-11-01404-g006){#F6}

![Gaze likelihood analysis of food-cueing experiments. **(A,B)** Represent the result of the deadline and the self-paced experiment respectively. The likelihood that a subject's gaze was directed toward the cueing side is plotted against the time past from the onset of the cue until the average response time. The black dashed lines reflect the chance level (0.5) of likelihood. The blue dotted lines represent the data when choosing the cued target (Cued); the red dotted lines represent the data when choosing the uncued target (Uncued). The shaded areas represent the range of the standard error of the mean for each plot.](fpsyg-11-01404-g007){#F7}

Next, we investigated the differences between the two types of choice (cued versus uncued), by focusing on the data from the onset of the target screen. We sub-divided the time into 30 bins of 50 ms (i.e., 1.5 s from the onset of target screen). Paired-sample *t*-tests (for each bin, with Bonferroni correction) were performed comparing between the cued choices and the uncued choices. The results revealed significant differences, starting from 550 ms in the DLFC, *t*(27) = 4.200, *p* \< 0.001, Cohen's *d* = 0.794; and from 600 ms in the Self-paced Face-cueing experiment, *t*(27) = 3.846, *p* \< 0.001, Cohen's *d* = 0.727 ([Figure 6](#F6){ref-type="fig"}). Significant differences were obtained starting from 450 ms in the Deadline Food-cueing experiment, *t*(31) = 3.928, *p* \< 0.001, Cohen's *d* = 0.694; and from 550 ms in the Self-paced Food-cueing experiment, *t*(31) = 4.547, *p* \< 0.001, Cohen's *d* = 0.804 ([Figure 7](#F7){ref-type="fig"}). In all cases, the divergences reflected gaze biases toward the side of the ensuing choice.

Finally, in order to further investigate the start of the decision phase, we focused on the negative peak (i.e., lowest value below 0.5 in a 50 ms bin) in the data for the Cued choices at a time when the gaze curves between Cued and Uncued choices were not significantly different (i.e., before the divergence of the decision process, as determined above). From the hypothesis of IOR, we should expect this value to be significantly lower than 0.5. In line with accumulator models of preference formation, this would reflect a starting point bias toward the Uncued location in the decision process. For each of the four experiments, we therefore performed a two-tailed one-sample *t*-test against 0.5 for the pre-divergence negative peak in the Cued choices.

In the DLFC, the pre-divergence negative peak in the Cued choices was reached at 350 ms after Target onset (0.447). At this time there was no significant gaze bias in the direction of the Uncued location, *t*(27) = −1.905, *p* = 0.068, Cohen's *d* = −0.360. In the Self-paced Face-cueing experiment, the peak was reached at 450 ms after Target onset (0.409). At this time there was a significant gaze bias in the direction of the Uncued location, *t*(27) = −3.115, *p* \< 0.01, Cohen's *d* = −0.589. Similar gaze biases in the direction of the Uncued location were obtained in the Deadline Food-cueing experiment, with a pre-divergence negative peak at 350 ms after Target onset (0.409), *t*(31) = −3.398, *p* \< 0.005, Cohen's *d* = −0.601; and in the Self-paced Food-cueing experiment, peaking at 400 ms (0.361), *t*(31) = −6.886, *p* \< 0.001, Cohen's *d* = −1.217.

Discussion {#S4}
==========

The principal aim of this study was to elucidate the role of visual attention in the evaluative processing. To this end, we conducted four experiments to examine pre-cueing effects in a choice task based on perceived attractiveness. In our experimental paradigm, we varied both the type of cue (face versus food images, with different affective associations) and the time constraints (1.5 s deadline versus self-paced). The task for subjects was to choose the more preferred picture from a pair of abstract art images. We measured the choice probabilities, the response times, and the gaze patterns. Across the experiments we found a highly consistent pattern of results, with clear cueing effects on all three measures. First, with respect to the choice probabilities, there were significant influences from pre-cues with negative associations, but only under urgency. In deadline experiments, subjects tended to choose the uncued target, both following a disgusted face and following an aversive food image. No other choice biases were obtained. Second, with respect to the response times, choices for uncued targets tended to be faster than choices for cued targets, but only under urgency. Again, this pattern was consistent across experiments, both for face cues and for food cues. Finally, with respect to gaze likelihood, in all experiments, the pre-cues elicited a clear gaze bias to the cueing side, which subsequently dissipated before the onset of the target screen and further tended to develop into a bias in the opposite direction, in line with the phenomenon of IOR. From a starting point biased to the uncued location, the gaze patterns then diverged in the direction of the ensuing choice.

Taken together, the data supported the information-integration hypothesis, but not the gradual-commitment hypothesis. The affective value of the pre-cue had a decisive impact on the subsequent choice under urgency, indicating that the information was integrated in the preference formation. The gaze data and manual response times further suggested that the pre-cues had been effective, in agreement with the phenomenon of IOR. The cues elicited a biphasic gaze bias in opposite directions, first to the cued location and then to the opposite direction. Under urgency, the manual responses were faster for uncued targets than for cued targets.

Cueing Effects on Preference Formation {#S4.SS1}
--------------------------------------

In both deadline experiments, DLFC and DLFD, the results of negative cues (i.e., disgusted face and aversive food) indicated that the probability of choosing the uncued target was significantly greater than chance (0.573 in DLFC; 0.555 in DLFD). No significant difference was found when using other cues (i.e., neutral and positive cues). Additionally, the results in both deadline experiments showed that the response time when choosing uncued targets was faster than that when choosing cued targets.

The most plausible explanation, in line with a vast amount of research on covert visual attention, is that the pre-cues attracted not only overt attention, as evidenced by the gaze biases, but also covert attention, setting in motion the mechanisms that underlie IOR (engagement, disengagement, shift). This can explain why uncued targets were chosen faster than cued targets, regardless of the type of cue, in deadline experiments. Conversely, the fact that there were no response-time differences in the self-paced experiments suggests a short-lived influence of IOR. Such influence dissipated when subjects took more time to reflect on their preferred choice.

Although the attentional processes were activated by all pre-cues, the nature of the influence changed depending on the affective value of the pre-cue. Neutral cues in all experiments failed to influence the direction of the subsequent choice. In this sense, it appears that the phenomenon of IOR by itself does not suffice to influence the actual process of preference formation. Similarly, positive cues (happy face or appetitive food) had no measurable impact on the direction of choice. However, the clear choice bias following negative cues under urgency indicated that the affective value interacted with the attentional processing. Effectively, the value of the cued position had decreased, and thus impeded the selection of the target image that appeared there. We suggest that the negative affective value promoted attentional disengagement, leading to a pronounced bias against the same position. In other words, the negative value was integrated in the preference formation in such a way as to favor the alternate choice. At a more general level, this finding is consistent with a host of studies on the valence-dependent impact of emotion on attention (e.g., [@B54]; [@B53]; [@B22]).

It should be noted that the preference formation here reflects a coalescence of object evaluation and manual choice behavior. In the present experiments, subjects were always required to select their preferred object. Consequently, we cannot establish whether the influence of affective cues under urgency are due to an actual increase in the evaluation of the chosen objects, or a more general preference to press a button opposite cues with negative associations. The critical test to disambiguate these possibilities would be to require subjects to pick the less preferred object. If, in such a test, the manual choice pattern switches, the influence of negative cues under urgency must pertain to the actual evaluation of the objects. Conversely, if the manual choice pattern stays the same, the effects would be due to response association at the level of manual motor control.

Interestingly, a study on consequences of attentional inhibition during visual search suggested that the spatial control of attention may have an impact on the actual evaluation of objects ([@B38]). The paradigm consisted of search trials followed by evaluation trials. During search trials, subjects were required to locate colored patterns or tinted faces. In subsequent evaluation trials, subjects were required to evaluate objects that had been either distractors or targets in the search trials. Distractors were rated lower than targets, and this effect was more pronounced when the distractors had been near the targets during the search trials. The effect of target-distractor proximity was observed even when the objects were presented at different locations in the evaluation trials. Overall, the data suggested that location-based suppression translated into emotional devaluation. Future work can build on this paradigm, as well as ours in the present study, to examine the exact nature of the influences of attentional control on preference formation.

The Role of Urgency {#S4.SS2}
-------------------

By comparing the results of deadline experiments and self-paced experiments, we aimed to elucidate the impact of urgency, both on evaluative decision-making as a whole, and specifically on the pattern of cueing effects. To be sure, our results confirmed that, compared with self-paced experiments, deadline experiments yielded much faster response times (an overall difference of more than 500 ms in face-cue experiments, and more than 700 ms in food-cue experiments). The gaze-likelihood analyses also showed earlier divergence toward the preferred side in deadline experiments as compared to self-paced experiments. Importantly, in self-paced experiments we found no significant effects at all from pre-cues on the manual responses. When subjects were free to take as much time as they wanted, there were traces of IOR in the gaze patterns, with gaze biases that clearly showed a biphasic process of moving toward, and then away from, the cued location, but this did not translate into affective influences in the response times and choice probabilities. In terms of accumulator models ([@B18]; [@B14], [@B13]), the results imply that the pre-cues produced a bias in the starting position of the evidence accumulation, but, with respect to preference formation, the pre-cues mattered only under urgency.

Urgency effectively changes the threshold for decision-making ([@B39]; [@B27]; [@B28]). When given less time for choosing, people must take shortcuts in the decision-making process. [@B39], adopting the LATER model for decision-making ([@B6]), pointed out that the accelerative effect of urgency is mainly attributable to its influence on the threshold at which a response is initiated, not the efficiency of information processing. Subjects would lower their decision threshold under urgency, while still extracting information as efficiently as they can. This implies that pre-existing response biases have an exacerbated effect under urgency. Accordingly, with response time shortened and the efficiency of information processing unvaried, it is reasonable to assume that, in the present study, subjects acquired less information from the targets in the deadline experiments than in the self-paced experiments. We suspect that the gap in the amount of information available to the subjects in deadline versus self-paced experiments may explain why the cues were effective only under urgency. The cueing, as one form of information, became relatively more significant as the total amount of information decreased, and could therefore have a greater impact on the evaluative decision-making under urgency. In other words, the cueing effects may be enhanced when less information is available to the subjects, and weakened otherwise.

Additive Versus Multiplicative Role of Attention in Preference Formation {#S4.SS3}
------------------------------------------------------------------------

In previous studies, the gaze cascade phenomenon has been demonstrated multiple times with a range of variations, including both preferential tasks ([@B43]; [@B44], [@B45]; [@B5]) and non-preferential tasks ([@B12]; [@B26]; [@B42]; [@B25]; [@B64]). [@B43] interpreted the phenomenon as an active positive influence from the gaze on preference formation (i.e., the gradual-commitment hypothesis). Phrased in terms of accumulator models ([@B18]; [@B14], [@B13]), the gradual-commitment hypothesis implies that gaze duration leads to a positive additive effect on preference formation. In the present study, we obtained significant gaze biases toward the ensuing choices in all conditions. However, the present cueing effects under urgency appear in conflict with the notion of a positive additive effect from the gaze on preference formation. Despite the fact that the gaze tended to go to the pre-cues in all conditions, this did not lead to any advantage in the preference formation for the cueing side. Moreover, the negative influences from the face cue with an expression of disgust and from aversive-food cues cannot easily be reconciled with the notion that viewing leads to liking.

Instead, we propose that the gaze, as a form of overt attention, can overlap with covert attention to show IOR and to perform a function of information integration. The integrated information can either promote or impede preference formation depending on its valence. In terms of accumulator models of preference formation, the information-integration hypothesis appears consistent with a multiplicative role of attention, as often touted in neurophysiological investigations of attention (e.g., [@B47]; [@B21]). Multiplicative gain modulation by attention might explain how gazing at negatively valued objects leads to further devaluation of the attended objects. Nevertheless, we cannot rule out a form of scaling that leads to subtraction of value through additive inhibitory mechanisms ([@B4]), or more complex forms of information integration with sequential stages of multiplicative, and then additive or subtractive, scaling ([@B1]). While it may be difficult to actually model the influence of attention on preference formation in the present paradigm, it seems appropriate at least to rule out the notion of "Pavlovian approach." There is not necessarily a positive additive effect from attention on preference formation.

This interpretation mirrors other findings in our own laboratory, undercutting the notion that viewing leads to liking. Using an absolute-evaluation paradigm with food images, we found that in most situations, viewing time was not associated with increased preference formation when subjects evaluated food images one at a time, rather than making choices between pairs of images ([@B61], [@B62]). The entire pattern of data suggested that increased viewing times occurred under indecision or deliberative processing, that is, when subjects engaged in a prolonged effort of information integration. Conversely, the phenomenon of the gaze cascade may depend on the decision goal ([@B57]), particularly in situations where the gaze can act as a spatial precursor to choice ([@B11]). In other words, the gaze would not have a direct positive impact on preference formation at all, but might perform a role in guiding motor behavior toward a spatial choice. The latter function would create the impression that viewing leads to liking in situations where liking is expressed as a spatial choice.
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